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SmiMARY 



The salient purposes oT this thesis v/ere: 

1. To investigate the friction characteristics 
of the three M. I. T. geonetrically similar 
engines. 

2. To compare the relation between predicted 
PMEP characteristics and the actual observed 
PMEP characteristics. 

3. To Investigate the effect of variation of 
cylinder bore on detonation limits for constant 
piston speed and constant RPM. 

The results of this study of friction characteristics 
of G. 1. E. Indicate that the slmplo friction theory was 
not completely adequate witViln the limitations of the test. 

actual results shov; that P-!EP varies inversely with 
bore at constant piston speed. As regards detonation, it 
'•rn dotoriolned that l:nock United BMEP and P^ vary inversely 
v.'ith bore at either constant piston speed or constant RPM. 

'"Ithin the knov/ledge of the authors, this represents 
the first experimental investigation of detonation charac- 
teristics of completely geometrically similar engines. 



IliTRODUCTION 



During: the last tv;enty years, or so, t}iere has 
been developed a considerable amount of theory concerning 
the behavior of geometrically similar engines. It was the 
purpose of the study, reported upon herein, to investigate 
the variation of FME? with niston speed for eacli of tliree 
geometrically similar engines. Further, it was desired to 
investigate t’lo effect of variation of cylinder bore on 
detonation limitations, by deteminln^: the knock limited 
inlet pressure and knock limited 3I.'EP for each of three geo- 
metrically similar engines, operating at the same piston 
speed, and, again, at the same uPi«i. 

The engines employed in the study v/ere designed 
by and built under the supervision of the Mechanical Engin- 
eering Department of the iMassachusetts Institute of Technol- 
ogy, They are Installed in the Sloan Laboratory of the Insti- 
tute. Insofar as is Imown, these three engines are the only 
ones whicli have ever been built, wlilch are completely geomet- 
rically sirail -.r in all respects. Details concerning the en- 
gine r are to be found in Appendix A, 

The only work which has been done previously on 
these en,;ines was accomplished by Breed and Cov/dery} Lobdell 

O r? 

and Clark*", and Mikel and MeSwiney'^. Experiments v/lth similar 
Superscript numbers refer to reference numbers. 
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cylinders of different size were conducted by Wunlbald Kann 

4 

at the Deutschon Alcadenie der uuftf ahrtf orschun^ in 1939 , 
Though the cylinders used in these tests wore essentially 
geometrically similar, the test sot-ups which had to be used 
v/ere not such as to maintain geometric similitude. They did 
corresnond, aporoxlmately, in size and outlay to the cylinder 
si^es c'.'iosen, however. Comparisons of Kami's data with the 
data of this report are included in a Inter uortion. 

In view of the limited amount of data previously 
taken on the li. I. T. geometrically similar engines, basic 
operating data was taken for eac'i of the throe ei\jines as a 
prereq lislte for the friction and detonation studios. 

The study of engine friction was I'estricted to a 
determiination of the FmEP^ of the assembled engines, as dis- 
tinguished from determination of I'MEP for ma’or engine com- 
ponents. P 1EP vms determined by motoring the engine, and by 
firing and taking the difference of D<!EP and BI/iE?. 

The detonation studies were based on a single fuel; 
comnerclal ’’Alsite Gasoline" which liad an octane rating of /1. 9 
by the ^lotor Method and 78.4 by the Research Method. Data 
was taken for each engine operating at (1) a piston speed of 
1200 feet per r::inute and (2) at 1000 RPII. Incipient detona- 
tion was used as a basis for determining knock limited inlet 
pressure and BMEP and was established by ear b” one observer 
for the six inch bore engine. A Li Indicator, supplemented 
by ear, was used, by a single observer, in establishing det- 
onation limits on the four and two and one-half inch bore 



engines. The Li Indicator is described in Appendix B. 

Viuch of the theory, which has been developed for 
geometrically similar engines, is based on dimensional analy- 
sis. /'otailed development of applicable mathematical relations 
is to be found in Appendix C, 

Theory predicts that Ih’.EP is a fimction of and 
J.I for geometrically similar engines, V/it>i identical inlet 
conditions; 



cally : 



E!EP = f(s,R^) 

Further, it is sliovm in Appendix C that, theoretl- 
PMEP = f(s) 



FiViEP is normally considered to consist of tv/o parts; 
(1) pyEP and (2) lU.IEP or mechanical friction mean effective 



pressure. 

'VuE? is, by definition, that portion of tlie so-called 
i'MEP which ai'lses from erogine friction, as dist injalshed from 
the contribution of the pursping loss, i.e. -’h.EP, Consequent!:/, 
the ';MEP ma:/ be considered to be attributable to; 



1. Coulomb friction 

2. Viscous friction 

3. Partial film friction 
Presently, no technique of analysis is capable of 

predicting, or estimating, v/itli any degree of reliability, 
the distribution of the engine friction oinong these three 
possibilities, Assimlng, however, that all of the friction 



may be classified as either coulomb or viscous friction, a 



theoretical treatment la made possible. Refer to Appendix 
C. Coulomb friction, is a function of the "bearin:'” mater- 
ials, l^^rcely, and may bo taken as beinf; independent of 
speed, load, and in f];eneral, of design and operating; condi- 
tions. Therefore, since tlie materials used in the tliree 
rjeome trlcally similar encines, is the same, piece by piece, 
that ''ortlon of the !”4BP which is attributable to coulomb 
friction will, in theory, be identical. Analysis, utllizlnQ 
Petroff’s likjuation, leads to the conclusion that, for geo- 
metrically similar engines, v/ith the some conditions of opera- 
tion and at the same piston speed, the portion of the MME? 
due to viscous friction, will be identical for each of the 
engines provided that the ratio of oil viscosity (absolute) 
to the bore of the engine ) is the same for each of the 

en~ines. It follows, then, that theory indicates tliat the 
F!.IEP for geometrically similar engines will be the sane, 
at the sai.ie piston speed, oroviled the Reynolds number- 
effect on TMEP is snail. 

Detonation in spark ignition is considered to be 
essentially a simultaneous combustion of the last portion 
of the charge in the cylinder to b\irn. It occurs when the 
flame speed is not sufficiently great to prevent the last 
portion of the charge from passing through its delay period 
before the normal progression of combustion has burned that 
portion. Experimental evidence to date tends to Indicate 
that flame speed is a, more or loss, linear function of 
Ke”nolls’ number, but there does not seem to be, necessarily. 



a one to one corrosoonflonce, i.e. flane opeed does not ap- 
pear t) Increase as fast as R^. rundHr.;enta,l Infornation, 
relative to the Maimer of variation of flane speed with in- 
let r.ach nunber, is lackinc. If the engines be operated at 
t}io siuse inlet >lach n’jnber, which can be done by operatin^^ 
at the same piston speed, then the variation of average 

flane sneed wifn R can be determined, x\t the sane olston 

e 

speed, wit’n identical inlet conditions: 

Consider an engine which has a bore twice that of 
a second engine. Then, the distance which the flane has to 
travel i ’ twice as great, but if the flane speed is not twice 
as great, the larger cylinder will be more susceptible to 
rJetonation than the smaller. 



ii’‘lJIPMENT MVD PROCEDURE 



The principal apparatus used consists of three 
single-cylinder, four stroke, geometrically similar spark- 
ignition engines of 2 l/2, 4, and G inch hore. All dimen- 
sions of the engines and their related equipment are In the 
same ratio as the bores. 

Each engine Is equipped with a suitable air orifice 
and surge tank, a vaporizing tank for mixing fuel and air, 
an exliaust surge tank, and cooling water header tank for 
water jacket coolant expansion. A rheostat controlled dynk- 
nomoter with hydraxillc scale permits brake measurements. 

V/ater jacket and oil heat exchangers with steam and water 
lines servo to control temperatures. Inlet and e;jchau3t 
valves are used to control pressures. The air inlet tlirottle 
valves on the four inch and six inch bore engines are remotely 
controlled and operated by an electric motor. On the 2 l/2" 
engine the air inlet throttle valve is directly controlled 
manually and is capable of finer control. Related pumps, 
valves, piping, tubing, and nanometers are shown in the dia- 
gram of the layout in Appendix A, A comparison of the engines 
is also presented, A detailed description has been given by 
C. P. Taylor^. 

Special equipment used included on MIT balanced 
pressure type indicator for taking indicator diagrams and a 
transfer machine for converting indicator diagrams to pressure- 
volume diagrams. Tills special equipment is described in Appendix 
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B, Associated minor equipment such as a fuel flow-bench for 
robomoter calibration, air compressors and reducing valves, 
strobotachomoter, and stroboscopes wore used as applicable. 

The first part of the investigation was devoted to 
the gathering of basic operating data for the engines, e.g, 
best power fuel air ratio, best power spark advance, etc. 
Inlet pressvire, exhaust pressure, inlet temperature, oil 
temperature, and water Jacket temperature were held constant 
at 28" ng, 32" Hg, 150®F, 150®P, and 180®P respectively to 
permit comparison of data. Data was also taken to show the 
variation of DMEP with inlet temperature and water jacket 
tenperat\are for the 2 1/2" engine. One hundred octane fuel 
and special lubricating oil were used. They are described 
in detail in Appendix D, The engines were run at various 
piston speeds ranging from 400 to 1800 ft/mln. After best 
power P was determined runs were made at the speeds and BPS A 
showm in the data sheets. Indicator cards were taken using 
the MIT indicator \7lth the engines operating at the condi- 
tions specified above at best power F, BP'IA and at various 
speeds. These cards were then transformed into pressuro- 
volxame diagrams and Integrated plonlmeter to give HiEP, 

In this analysis IMEP is defined as expaiislon stroke work 
minus compression stroke work divided by displacement volume. 
FMEP was determined by both the motoring and firing methods. 
In the latter, D4EP obtained from the p-v diagrams was redu- 
ced by the BliEP calculRtad from tlie dynamometer scale reading 
to give i’!.!EP. !Io broakdovm of motoring friction by parts was 
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attempted. A collection of tho above described data provided 

a plot of I)<1EP, BIvlEP, and PMEP vs piston speed for each engine 

and an individual analysis could be made, as well as a comparl- 

12 3 

son with tho data of previous investigators. * * 

Detonation was the primary consideration in tho sec- 
ond part of tho investigation. The procedure followed was 
essentially tho sane as that of the friction investigation 
except that the Li Indicator was used to determine detona- 
tion and no indicator cards were taken, A fuel of 71,9 0, H, 
(motor method) was found to bo suitable to cause detonation 
in tho three engines. In order to investigate detonation 
at the sane piston speed in all engines it was necessary to 
supercharge the 2 l/2 and 4 inch on^iines. Inlet toaperat\ire 
was hell constant at 180°P Instead of 150®, while inlet ores- 
sure was used as a variable. This increased inlet tempera- 
ture was necessary to prevent inconploto vaporization in tho 
2 l/2" engine vaporizing tanlc. Exhaust pressure, oil tem- 
perature, and v;ater Jacket temperature wore held at their 
previous values. All engines were operated at a piston 
speed of 1200 ft/mln and also at 1000 rpm. It should bo 
noted that these speeds are identical for the 6” onglne. 

It was found necessary to preset inlet pressure and to ad- 
just spark advance until detonation occurred. Tills was nec- 
essary because of tho difficulty oxporlonced in controlling 
inlot pressure on the 4 and G" engines with the remotely con- 
trolled air intake tlirottle valves, particularly with tho 
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valves nearly closed. Further, engine equilibrium was 
disturbed more by varying inlet pressure than by varying 
snark advance to produce detonation. B?SA at best po^ver 
P was detomined for the 2 l/2 and 4" engines at throe 
different inlet pressures. These pressures represented 
the low and high limits and an Intermediate value of the 
supercharged inlet pressures used for the detonation study, 
/ne hundred d. 'I. fuel v/as used for these runs. Prom the 
results of these runs it v/as observed that DPSa was Insen- 
sitive to inlet pressure within the range of interest and 
therefore previous BPSA data v/as used for the G" engine. 

In the 2 1/2” engine inlet pres sire was varied 

from 32-42" ilg and spark advance was altered between 15 
and GO degrees BTC. Six fuel air ratios wore investigated, 
an. ’-dthln tlic range of detonation. B"E? was determined 
for ■‘oeratlon at a ulston speed of 1200 ft/ciln and at 1000 
rpm. Plots of BMEP and inlet pressure vs spark advance 
were made with F as a perametor. By entering these curves 
v/ith BPGA for best oower P, data v/as obtained for ma’xing 

a olot of BkSP and inlet pressure vs P. 

The 4" engine inlet pressure ranged from 28 to 
37" Ilg and spark advance was v.-.ried from 10 to 60 degrees 
BTC. The same data w.^s talcen as for the 2 l/2" engine to 
give comparable B'lEP and inlet pressure curves with P and 
soark advance as variables. Again six fuel air ratios were 
Investigated, r.vms for tiiis engine were made at a piston 
speed of 1200 ft/min and also at 1000 rpm. 



In the 6" engine 1'' was chanced as before and the 
spark advance spread used was 0-45 degrees BTC. No super- 
charging was necessary to cause detonation; therefore, 
inlet pressure ranged between 19 and 29" Hg, Since 1000 
rpn and 1200 ft/nln piston speed are identical for this 
engine, only one speed was ran for conparison with the 
2 1/2 and 4 " engines. The saine BMEP and inlet pressure 
plots were nade as before using BP5A and best power P of 
.073, The sane data was also taken in the case of the 
6" engine for an inlet temperature of 150°P in order to 
show the effect of this variable on detonation* 

After the above data had been compiled, a 
plot of knock limited B.-IE? and inlet pressure vs boro 
for a piston speed of 1200 ft/min and 1000 rpn at P of 
,0750 was made. A plot of knock llnltod P! P vs bore for 
the same speeds was made by adding a value of P!JEP (cor- 
rected for inlet pressure) to the values of knock limited 
B?.IEP, 

Ono commonly used . rocedure to determine in- 
cipient detonation is to observe the first appearance of 
a protuberance on the oscilloscope dp-dt trace to the 
right of the maximum value. Because of the insensitivity 
of the protuberance to change In spark advance the above 
method v;as not sufficiently sensitive , Further, it was 
not possible to use a fixed height reached by the pro- 
tuberance as a criterion for establishing detonation due 
to iiu’egularity of the trace from ono instant to the next. 
Consequently, the determination of the limiting condition 
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of detonation by the Li indicator was left to the deci- 
sion of a single operator in the 2 l/2 and 4" en^jlnos. 

In "iev- of the arbitrary definition of incipient detona- 
tion this oroceduro was c )nsidored nore reliable, 

Usin a conbinati on of oscilloscope indication, 
cylin lor head tenperature rise, and ear, it was possible to 
deter-’ine the high frequency pressure fluctuation associ- 
ated with detonation and to reproduce incipient detona- 
tion with nore accxiracy than obtainable by ear alone. 

This is particularly true with the 2 l/2” engine. 

It is Interestln;; to note that only a three 
degree spark advance differential was found when incipient 
detonation v/as detemined >n the 4” engine by one observer 
using the Li indicator and by a different observer using 
oar alone. Greater spark advances were observed when the 
ear nethod alone v/as used. 

It is believed that the point of incipient detona- 
tion in the 6" engine was accurately determined by ear alone 
due to the extreme sensitivity of knock to spark advance 
in thiis engine. Its full knock range, extreme knock to 
no knock, v/as observed in a span of approximately 3 degrees 
spark advance. 

In both investigati ons certain precautionary 
measures and procedures wore found to bo applicable, A mean 
Reynold’s mmber of 50,000 v/as originally assumed to facill” 
tate air flow calcnlatlons. Air neasuroments were later 



corrected for Reynold’s nuialDor effect. This was found to 
be significant at slow speed and small air flow. For details 
of air floY/ noasurenonts see Appendix E. Frequent calcula- 
tions and checks of air and fuel flow were made to insure 
the accuracy of the F being used. Such stops were taken 
before, during, and inuaediately after each r\m. Ample tine 
v/as allowed for wamup and for the establishment of steady 
operating conditions after altering any variable. Frequent 
chocks were made to see that there were no air bubbles in 
the fuel inlet line or in the dynamometer hydraulic scale 
oil. The inlet vaporizing tank was inspected periodically 
for fuel c mdcnsatlon, particularly when running rich. 

Before and after each r^anning period the spark advance 
mechanism was checlced for slippage. 

Pressures, temperatures, and speed were continually 
checked and controlled to promote accuracy. Pressures (ex- 
cept fuel and oil) and dynamometer scale reading wore measured 
exclusively by manometers, the zero of which was noted before 
and after running. Temperatures were measured by thermo- 
couples anl calibrated potentiometers except for isolated 
fuel and air temperatures. The rotomoters were calibrated 
for each of the fuels used as described in Appendix P. ITo 
significant deviation was observed. Calibration curves 
will be foxind in Appendix F Pigs, P-1, P-2, and P-3. Fuel 
temperature differential was not significant in this respect. 
Careful attention was paid to the operation of the MIT indi- 
cator, especially with regard to the establisliment of the 
top center line. 



Identical runs were frequently repeated on differ- 
ent days to chock repDoduclbillty of data. It was found 
that -nost runs checked within 1-2 per cent. Runnlnrj plots 
were naintained as a check on reproducibility and to indi- 
cate desirable ranges of investigation and expansion of 
the schedule being followed. 

Data readings wore taken as nearly at the sane 
time as possible throughout the study. Tills v/as made prac- 
ticable by having at least two Investigators present during 



each run 



RESULTS AND DISCUSSION 



raiCT I ON 

Fig, 1 illustrates that for tho 2 1/2” engine, 
the BUEP, at best-power spark advance, increases with in- 
creasing fuel-air ratio until a fuel-air ratio is reached 
for \^S:ilch the BfiEP must be a naxinum. Further increase of 
fuel-air ratio results in a decrease of BMEP, The same 
trends are evidenced for the 6” engine in Pigs, 3 and 4, 

Pig. 5 indicates that the best-power fuel-air ratio for 
the 2 l/2” and the 6” engines at piston speeds of 430 ft/inin 
and 1200 ft/nin, range from about ,0715 to .0750, Accordingly, 
a value of P = .0730 '.as taken as being rcpresentatiw of the 
best-power fuel-air ratio. It should be noted that even 
though brake nanometer readings were reproducible within 
one or two per cent, the curves are flat enough near tho 
maxlmtmi tiiat a one per cent variation could easily shift 
the apparent best-power fuel-air ratio v/ithin the range of 
the values indicated above. Tliis conclusion is substan- 
tiated by References 1, 2 and 3, for these engines. In ad- 

0 

dltion, Taylor and Taylor state that, from theoretical con- 
siderations and from innumerable tests the best-power of a 
spark ignition engine, at best-power spark advance, will oc- 
cur at a fuel-air ratio in excess of the chemically correct 
fuel-air ratio. For engines being fed a reasonably homo- 
geneous fuel-air mixture which can be achieved by using a 
fuel vaporizing tank as was done in these tests, the best 
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power fuel-air ratio has been found to be lower than for en- 
gines fitted with carburetors} for the latter the best-power 
fuel-air ratio Is about .0800 . 

In view of these considerations it was deemed xm- 
noceasary to duplicate this saiae data for the 4" engine. 
Accordingly^ Pig* 2 ^ovrs the variation of 3MEP at various 
piston speeds with spark advance at F = ,0730 for the 4" 
engine. It is to be noted that best-power spark -advance In- 
creases with Increasing piston speed, which is as expected. 

Early In these Investigations the question arose 
as to the magnitude of the effect of slight variations In 
the water jacket or Inlet air temperatures. Fig. 6 shows 
the results of a special study of this question. A change 
of about 35 degrees in water jacket temperature Is seen to 
give rise to a change of BMEP of approximately one-half 
pound per square Inch, A variation In Inlet air temperat-ure 
of only three and one-half degrees produces the sane change 
in DMSP. Consequently variations in water jacket tempera- 
ture of as much as plus and minus dive degrees will have a 
negligible effect on tost results vrhereas the inlet air 
temperature must bo held as close to the predetermined value 
as possible to Insure reproducibility of results. These 
limitations are considered to be equally as applicable to 
the 4" and 6" 0. S. engines. 

In Appendix C, It has been shown In theory, for 
gearaetrlcally similar engines operating at identical Inlet 
and exhaust conditions, that: 



e = f(s) 



1 



This Implies Identical values of e for geometrically simi- 
lar engines at the sane piston speed. This conclusion is 
af firmed by Fig, 7 in which it is seen that e is substan- 
tially the same for all three engines tested, at the same 
piston speed. 

Further, the theory described in Appendix C indi- 
cates that: 

HiEP <=< e 

provided that the indicated thermal efficiency is a constant. 
If this be true, the IMEP*s for those engines sho\ald be the 
same at the sane piston speed. Fig, 0 indicates that the 
indicated thermal efficiencies for each of the three engines 
operating under the sane conditions, are Identical. Over a 
speed range from 480 ft/mln to 1800 ft/mln there is only a 
variation of four per cent in the value of indicated thermal 
efficiency. Therefore the assumption is justifiable. 

Pigs, 9 and 10, indicate the equality of the BIEP’s 
for the three engines at the sane piston speed. 

Since ISPG < 1/q ^ for a given fuel and fuel-air 
ratio, the three engines should have identical values of 
ISPC at the same piston speed. This is seen to be substan- 
tially the case in Pig. 7, 

In Fig, 10 have been plotted values of raEP, B?^P 
and FMEP (motoring) and (firing) for the three goonotrically 
similar engines at various piston speeds. The curves for 
P!.fflP (firing) represent the difference between the smooth 
curves for IMEP and BMSP, 



Fig. 11 Is a replot of the ciirves of Fig. 10 ^Ith 



the results of References 1, 2 and 3 superimposed thereon. 

In both cases, it is apparent that there exists a consider- 
able difference between the values of PMBP*s (firing). Con- 
sequently there is considerable difference among the engines 
in the values of DSFC as shovm in Pig. 7 and the values of 
brake and mechanical efficiencies as shown on Fig. 8, BSFC 
is seen to increase with decreasing bore, and the brake and 
mechanical efficiencies are observed to decrease with de- 

4 

creasing bore. Similar results were observed by garam in 

his tests with approximately geometrically similar cylinders. 

As stated earlier, sinplifiod theory predicts that the I'lEP’s 

should be the same. The results and the theory disagree 

under the conditions of the tests. It is to be noted from 

Pig, 10, that both the motoring and firing FI5 EP*b of the 

2 l/2" engine are disproportionately higher in relation to 

the 4" engine than are the same values for the 4" engine in 

i*elatlon to the 6” engine. Pig. 11 shows that the increments 

of PI.1EP (firing) between the three engines, obtained by pre- 

12 3 

vlous investigators , were more nearly uniform. Pig, 

12 indicates that the motoring friction of the test set- 
ups used by Kamm*^ increased with diminishing bore in a very 
nearly uniform manner, wheras such uniformity is not evi- 
denced by the M, I. T. geometrically similar engines. Even 
though the test set-ups used by Karam were not strictly geo- 
metrically similar, they did bear a close relation to the 
size of the cylinders tested and should therefore bo somewhat 



indicativo of the trend in FMEP (motoring) variation to be 
expected from the M. I. T. engines. 

One possible explanation for this result is that 
there nay exist some mechanical discrepancy within the 2 1/2 
engine. In the early phase of those tests, the intake valve 
of that engine seized in the open position while the engine 
was running* Disassembly and inspection of the engine re- 
vealed a slight sticking of the exhaust valve and a de- 
fective main bearing. Data taken prior to this occurrence 
was discarded. Motoring tests should be conducted on en- 
gine components in an attempt to discover whether any such 
discrepancy does, in fact, exist. 

Theoretical treatment of evaluation of power ab- 
sorbed by bearings operating under conditions of full film 
lubrication has long been substantiated by numorous tests, 
and there is no reason to believe that the theory v/ill not 
also apply in the case of these throe geometrically similar 
engines. In attempting to analyze the reasons for the exist 
once of the very large differences in PKEP (firing) between 
the three engines, the consideration of bearing and auxil- 
iary friction may be disregarded, in view of the magnitude 
of their effect in relation to the magnitude of tho effect 
to be expected of tho piston and rings. 

The simplified theory described in Appendix C 
ImpllOs that PMEP should be the sane for all engines pro- 
vided///^ is the same. Inasmuch as oil viscosity is a 
function of tenperatiire, a temperature must bo specified 



before the ratlo/<// can bo calculated. For the purposes 
of these tests a temperature of 250*P naa picked as being 
somev/hat representative, and oils were selected for each 
engine which would have the some at that tenperature. 

The oils used for the tests, were blends, as described in 
Appendix D, Viscosity tests, after blending, confirmed 
the constancy of///^ at 250 °P among the three engines. 

Also, from these tests, the oils wei^ found to have approxi- 
mately the sane viscosity index, and over a range of about 
180®P to 350 °P, the value ot ^ for any one of the three 
engines did not differ radically from that of the other 
engines at any given temperatxire. 

During the motoring tests, the engines were 
operating, more or less, within the temperature range speci- 
fied above. The lubrication of the piston and rings, pre- 
sumably, approximated viscous lubrication more closely than 
during the firing tests, and since the water jacket tempera- 
tures were held the same in all cases, after the engines 
cooled down, the cylinder wall temperatures became more 
nearly equal; therefore according to the theoi^, the FilEP’s 
should have been the same. Prom Pig, 10 it is noted that 
the FMEP*s (motoring) for the 4" and the 6” engines are es- 
sentially the same and the FMEP (motoring) for the 2 1/2” 
engine is much nearer the value of the 4” and 6" engines than 
it is during firing. By virtue of these facts, there seems 
to be some justification for the applicability of the theory 
under such conditions. 



It is possible that during firing the mean engine 
cylinder wall tonperature variation anong the engines nay 
be responsible for a part, at least, of the wide variance 
in FITEP (firing). For geometrically similar engines, operat- 
ing with the sane fuel-air ratio at the same piston speed, 
the heat transfer rate per unit area should be the same and 
approximately proportional to the ratio of the temperature 
difference across the cylinder wall (l.e, from inner to 
outer surface) to the wall thickness. With the coolant 
temperature being held the same for each of the three en- 
gines, the above indicates that the inner cylinder wall 
temperature should Increase with increasing bore, and there- 
fore the viscosity of the oil on the cylinder wall decreases 
with Increasing bore. There would then bo established a 
trend toward higher friction in the 2 l/2" engine and lower 
friction in the 6" engine. 

Thus it is indicated that the choice of a single 
temperature to bo used as a base for establishing the equality 
of the/^/^ ’s for the three engines may not be justifiable, 
Llvengood and Wallour in a study of piston-ring friction 
conclude that Increasing water jacket temperature decreases 
piston-ring friction. It nay be presumed that this effect 
arises, largely, because of the decrease in viscosity with 
temperature increase. It is noted that the magnitude of 
this effect is appreciable. Changing water jacket tempera- 
ture from 100®F to 150°F brought about a decrease in piston- 
ring mean effective pressure from about 7,7 psi to about 
G,1 psi. 



Acoordingly, tosts to detemlno the effect of 
cylinder water jacket tenperature variation and oil viscos- 
ity variation on engine PT»IEP (firing) are considered to be 
desirable. 

The theory is based on the assuraption that all 
friction laay be divided between coulonb and viscous friction. 
The lubrication conditions under which the piston and rings 
operate vary frois coulonb to viscous to partial film, and 
are different for different parts of the piston travel. The 
parts are not separable or deteminable at present and their 
proportions nay vary fron engine to engine. Therefore a part 
of the differences in PMEP’s (firing) probably is duo to 
those unknown variations, 

Tlicre does appear to bo the possibility, with 
further test experience, of establishing quasi-theoretical 
relationsViips by neons of which the FIAEP^s of a group of 
geono trically sinllar engines nay be predicted. 



DETONATION 



Res''jlts of the dctonatioii invoatisation proper 
are shown in the curves of Pigs. 14 through 25 , Associated 
results, such as variation of cylinder head tenperaturo and 
flame speed, may be found in Pigs. 2C throu^ .^l. 

BPSA at best-oower fuel-air ratio for the super- 
charged detonation study at of 100°P was determined from 
Pigs. 13 and 14 for the 2 1/2” and 4” engines rospoctively. 
A comparison with BPOA cxirves of Pigs. 1 throvigli 4, shows 
that and p^^ luave no appreciable effect on BPSA within 
the ranges of and concerned. BPSA was found to bo: 

2 1 / 2 ” ^ 



At 3 = 1200 ft/mln 


45 


37.5 


30 


At N = 1000 RPM 


30 


32 


30 



At the same piston speed BPSA was found to vary 
inversely vTith bore, while at the same RPM, BPSA was approxi- 
mate ly the same. 

The knock limited NEP and p^^ of Pigs. 15 through 20 
are nlots of recorded detonation data for the individual en- 
gines nt various soark advances and speeds, with fuel-air 
ratio as a parameter. At constant speed, knock limited 
B’.iEP and p^ are observed to decrease with Increased spark 
advance for a given fuel-air ratio and to increase with fuel- 
air ratio at constant spark adv;;nce, except at lean fuel-air 
ratios where a reversal is apparent. 



The variation in knocik United BMEP and versus 
fuel-air ratio, with Tj^ as a parameter, for the 6” engine 
at BPSA and a piston speed of 1200 ft/nin, is shown in 
Fig. 21. These curves are derived froa Pigs. 19 and 20. 

Both the knoclt limited BMEP and are decreased by a 30® 

F increase in T^, although at highor fuel-air ratios this 
effect on p^ is diminished. At a fuel-air ratio of ,110, 
the p^*3 for Tj, of 150°P and 180®P are practically identical. 

Plots of knock limited BMEP and Pj^ versus fuel-air 
ratio at BPSA and T^^ of 180®P( "S” curves) for all engines 
at a piston speed of 1200 ft/nln and 1000 HPM are shown in 
Figs. 22 and 23 respectively. These curves were obtained 
from crossplots of Figs, 15 through 19, entering with BPSA 
corresponding to a fuel-air ratio of ,073 for each engine. 

It is readily seen that for these conditions both knock 
limited BMEP and p^ vary directly with fuel-air ratio, ex- 
cept in the loan region. This tendency toward reversal at 
loan fuel-air ratios Is most apparent for the 2 l/2" and 
4” engines In Fig. 23, It shoul be noted that a reversal 
tendency also appears in the rich region for the 6” engine 
in Fig, 23, 

Prom Pigs, 15 through 19, knock limited BMEP and 
p^, as a fxjnctlon of cylinder boro, are attainable for any 
set pattern of spark advances for the engines. Such a re- 
lation is presented in Fig. 24 for a given RPM and piston 
speed with a fuel-air ratio of .0730 and BPSA for each engine. 






- 
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It l3 seen that knock limited BJ’EP and vary linearly, biit 
inversely, with bore at constant piston apeod. At constant 
RP?^, 3?uEP and p^ are observed to deviate sll^^tly Trom this 
inverse -linear relationship at snail bores. The above data 
is substantiated in Fig, 25 , where a graphic comparison is 
made with results fron Reference 4, which are at a different, 
but constant, piston speed. In order to conpare these results 
on the sane basis, it v/as necessary to estimate the IT.IEP*s 
of the M. I. T. geometrically similar engines, since no in- 
dicator cards v/ore taken during detonation runs. This was 
accOTiplished by adding the firing friction MEP's to the 
B]lEP*s observed for a piston speed of 1200 ft/nln. Because 
the firing friction MEP’s were determined at p^ = 23" Hg», 
a correction was applied to the PMEP’s to account for tho 
change in p’-implng loss duo to variation in p^^ in the detona- 
tion investigation. Prom experimental data, the magnitude 
of this correction was estimited to be of the order of (28-p^) 
/2 Inches of mercury or (20-pj^ )/4, 06 pounds per square inch. 
This correction represents only a maximum of about two per 
cent of the calculated IMEP, 

It was Interesting to note that, for any given en- 
gine, at incipient detonation, the cylinder head temperature 
attained a value whldri was constant for the same fuel-air 
ratio. Independent of the spar advance and p^^, Tliese values 
of cylinder head temperature at BPSA, are shown graphically 
for the three engines as a function of fuel-air ratio in 
Fig, 26, The values of cylinder head temperature at BPSA 



and a f\iel-air ratio of .073 at incipient detonation and at 
normal operation, are shovm in Pig. 27. They are included 
as a conpux'ati\'e index to the heat transfer characteristics 
of the three engines under the conditions of investigation. 

In order to understand the detonation characteris- 
tics of geometrically similar engines more fully, an inves- 
tigation of the flame speed characteristics vras undertaken. 
Flame speed is defined as the average velocity of the flame 
front, as measured by cylinder bore divided by the tine in- 
te'^val Tr passage of spark to peak pressure, in units of 
feet per second. The measurement of the time interval was 
accomplished in two stages -- from passage of spark to top 
center, and from top center to peak pressure. 

Since indicator dia'^rams wore taken only at BPSA 
at a fuel-. ir ratio of ,073, and as they wore the only means 
available to estimate the tine interval from top center to 
peak pressure, this operating condition was chosen to repre- 
sent the flame speed chax*acterl stlc. The data used was 
therefore readily obtainable from the data collected in 
the friction investigation. The degrees of cranlc angle 
from top center to pe&k pressure at BPSA and a fuel-air 
ratio of .073 was fairly constant at 14° (^2°) for all en- 
gines over the full range of speeds. Faired curves for 
BPSA versus' piston speed fo^ the three engines are shown 
in Fig, 28, With this information flame speed was cal- 
culated by the formula: 

= (B) X (BPSA + 14°) N/2, ft/sec 
where: B = cylinder boro, inches 



N = RPM 



.iG 

Fig. 31 shows this relation of flane speed with 
RPW for the three engines. It is interesting to note that 
at the same RPM flane speed varies alnost in direct pro- 
portion with bore. This alone \7ould indicate that all three 
engines should have the sane detonation characteristics at 
the same RPM, 

With flame speed data available on the three engines, 
further computations wore made to exploit the possibility of 
isolating Reynolds Number effect frcao Mach Number effect on 
flane speed, Reynolds Number, as used in the calculations, 
is defined as: 

Pj^s'B 

whore = density of air at inlet conditions 
Ibs/ft® 

s’ = piston speed, ft/sec 
B = cylinder bore, ft, 

^ - viscosity of air at inlet conditions 

Ib/ft/sec 

Mach Number is defined as: 

s»/c^ 

where s’ = piston speed, ft/sec 

c, = sonic velocity based on inlet conditions, 
^ ft/ sec 

Since inlet conditions wore Identical for all engines, 
piston speed is sufficient to represent Mach Number. In the 
M. I. T. goc«ae trlcally similar engines, the gas velocities 



throuch the inlet porta are the sane for the sane piston 
speed; therefore piston speed is also an appropriate index 
to the velocity of the entering nixturo. 

The above relations reveal that, in the case of 
the three engines, it is possible to obtain three values 
of piston speed for an assigned value of Reynolds Nijnber, 
These three values of piston speed, each, correspond to a 
definite flame speed for each engine. By such a process, 
flame speed as a function of piston speed for various Rey- 
nolds Numbers was calculated and is shown in Fig, 30, 

By a similar process, flame speed as a function 
of Reynolds Number, for various nlston speeds, was also cal- 
culated and is shown in Fig, 29, 

Prom these results it is seen that there exists 
the possibility of individual effects of Reynolds Number and 
I^ach Number on florae speed. At low values of Reynolds Number 
(and Mach Number), flame speed is almost independent of Mach 
Number and dependent solely on Reynolds Ntanber, At higher 
values of Reynolds Humber (and Madi Number), flame speed 
tends to become more dependent on Mach Nvmber and less on 
Reynolds Number, 

To interpret the detonation characteristics of 
geometrically similar engines in the li ;ht of the roaults 
obtained in this Investigation, it is advisable to resort 
to the auto-ignition theory of engine detonation described 
in Reference 6, Briefly, this theory can be explained as 
follows. As the flame front progresses across the cylinder. 



the unburned charge is compressed by the hot, expanding 
gases and motion o:‘ the piston, until a critical combination 
of pressure and temperature Is reached In the unburned end 
gas, at which time it auto-ignites. It has been established 
experimentally that this critical pressure and temperature 
combination is dependent on the rate of compression, the 
composition (fuol, fuel-ali* ratio, fue^ additives, etc. ) 
of the unburned charge, and a time element referred to as 
"delay time". 

In an attempt to analyse the detonation charac- 
teristics of the three geometrically similar engines v/ith 
the data available, it is apparent that there is Icnowledgo 
of only one of the above factors; namely, composition of 
the end gas. Flame speed, together with piston speed, can 
be used to evaluate the rate of compression of the end gas, 
only if the process is adiabatic or if the magnitude of heat 
flow to the end gas is known. Fig. 27 indicates that the 
heat transfer characteristics of the engines do not follow 
the laws of similitude at constant piston speed. At con- 
stant RPM, however, the pattern of cylinder head temperatures 
is one of Increasing cylinder liead temperature with Increas- 
ing bore. 

Prom considerations of flame speed and piston speed 
on the rate of compression of the end gas for a piston speed 
of 1200 ft/min in all engines, it is apparent that there is 
a basic advantage of small bores on knock limited output. 
Although flame speed increases with boro, it does not increase 



in proportion to bore; hence, the snaller engine will have 
a lov/er ^ontustion tine and hi/her rate of compression. 

Also, the snaller engine is operatin' at a hi her RPh, 
which results in a hi, -her rate of c^npression. The basic 
disaivanta :e of the 6" engine is magnified by a higher 
oporath'.g temperature, v/liei’oas, in a comparison of the 
2 l/P." ani 4" engines, the advantage of operating tempera- 
ture, using cylinder head temperature as an index, favors 
the 4" engine. 

At an RPM of 1000, it is observed that flame speed 
varies directly as boro, resulting in equal rates of compres- 
sion oi' the end gas in all three engines. As the RPM is the 
sane in this case, equal rates of compression result due to 
this factor. The significant factor that is needed to account 
for ‘■;he variation of knock limited BhEP with bore is therefore 
thf ■"uLe of heat flov/ to tlie end gas during the com.pression 
process. If the cylinder head tei-iperature is accepted as 
an index to t)ils rate of heat flow, the variation of output 
v/ith bore may be explained. In lig)it of other important 
factors an^l tnoir relritive influence, such as radiation 
across the flame front and auto-ignition characteristics of 
a pc-rtlcular fuel, etc., it would be rather unwise to pursue 
such an argument in a general case. 



CONCLUSIONS AND REGOrr.!EIIDATION J 



Under the conditions of thp tests reported in those 
investigations, the results obtained give rise to the follow- 
ing conclusions: 

Friction 



1. The bost-povor fuel-air ratio for the throe 
engines is aoproximatoly .0730 and largely 
independent of speed, 

2. The theory, v/hich predicts that the I’lEP’s, 
Iniicated thermal efficiencies, indicated 
soccific fuel cons-'amptions , indicated spe- 
cific air c onsiunotions , and vjlunetric ef- 
ficiencies of geometrically similar engines 
will be the same at identical operating con- 
ditions at the same piston speed, is confirmed 
by the tests. 

3. In relation t) the r-’U.P's (firing) there appears^ 
to bo disagreement between theory and the results 
vvltlain the conditions of the tests, 

4. In regard t> the FMEP’s (motoring) the theory is 
more nearly applicable, 

5. Selection of a single temperature to be used as a 
base for e stablislving the equality of the 



ratios for the three engines nay not be justifiable 



6. The scope of these tests was not broad 
enough to establish or to refute the 
applicability of the theory in regard 
to the B"1EP of geonetrlcally sinllar 
engines. 

Additional tests to deteralne the 
effect of variation of cylinder water 
jacket temperature and variation of oil 
viscosity are recommended. 

7, Motoring tests of engine components should 
be made to determine whether or not there 
exists a mechanical discrepancy in the 

2 1 / 2 " engine. 

B, There appears to be the possibility, with 
further test experience, of establishing 
quasl-theoretlcal relationships by means 
of T3^1ch the PMEP's of a group of geo- 
metrically similar engines may be predicted. 

Detonation 

9, The results of this investigation Indicate 
that the knock-limited BMEP and p^ vary 
inversely with cylinder boro in geometrically 
similar engines at either the same piston 
speed or the sane RPM, 



■7 



10, There Is indication of individual effects 
of Reynolds Number and Mach Number on the 
average speed of propagation of a flame 
front in a cylinder, 

11, In order to correlate the detonation 
characteristics more fully vrith variables 
whose effects on detonation have been de- 
termined experimentally, the heat transfer 
characteristics of geometrically similar 
engines should be thorou^ly investigated, 

12, To supplement this study of detonation, 

it is recommondod that a similar procedure 
be followed at other combinations of RPM 
and piston speed, and using various fuels. 
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2 1/2” I. .I.T.G.S. Engine 
i Fuel 100 Octane 

10 January (orifice diam. 0.413) 



^.PM 


6 


Spark 

Advance 


Roto- 

meter 


Of , 


ort?lce ^ P 


E?Rle 


B TP 


Tl 


^cyl 


T , 


T 

a 


T 

oil 




P 

e 


Pa 


2400 


1200 


30 


7*25 


.000704 


10.55 .00893 ' .0790 


, 20.6 


74 


150 


392 


180 


82 


150 


2 S 


32 


70.2 


It 


It 


4o 


7.25 


It 


10.50 .00889 .0792 


22.6 


81 


149 


415 


181 


It 


151 


It 


ri 


It 


M 


M 


50 


7.25 


tl 


10.45 .00888 , .0793 


22.2 


79.7 


150 


4l8 


180 


It 


150 


tl 


It 


It 












Aa( corr)/ta*l*006 


( See Fig 


. F>-1) 


























*^^S87 


.''0884 


.00883 
























1 


I „( corr) .00893 


.'^0889 


.00888 
























f 


F 


.0790 


.0702 


.079^ 

















tf ^ 





TABLE XI 

I l/a** M« I. T. tt. f. 
ru«l IJO oetant 



960 

H 

N 

• 



« 

II 



4$0 

H 

« 



9 ^ 4^0 



M 
I II 
H 
N 



nolo- 
Adraiiea r®I®« 



«BTC 



is 

30 

20 

35 

50 



■tttr 

3.55 

3.«5 
3. 80 
3.85 

• 

H 



orlfio* 



^ afanuary 1950 <orlfle# diMatar 0.413**) 






II 

4.05 

4.1 

4.05 



.000200 

.000200 

. 000195 , 

.000200 

« 

M 



55 .00348 



M 

N 

« 

N 



I 

It 



.000223 • 

. 00022 s 1.53 
.000223 1.50 



.00345 

.00342 




4|1 '.00922s 1,52 .00344 .0^72 



H 

.0649 

•O661 

.0653 



OyR 
Beal# 

20.0 

20.2 

II:? 

20.2 

20.35 

20.45 

21.15 

21.7 

20.1 

21.5 

20.1 



•MSP 


Tl 


’•yx 




T. 


Toll 


Pi 


Po 


p. 


71 .S 


150 


320 


176 


81 


150 


28.0 


32.0 


30.1 


72.5 


310 


160 


It 


151 


n 


32*0 


• 


70.0 


« 


n 


181 


» 




« 


32.1 


M 


60.0 


H 


« 


181 


• 


1^ 


n 


32.0 


H 


72.5 


« 


315 


182 


M 


149 


N 


M 


H 


73.1 


It 


320 


182 


It 


149 


M 


H 


II 


?S:8 


150 


00 

K>K> 


151 




igo 

149 


25.0 


3 g.o 


35 .x 


78.0 


f 


320 


» 




150 


II 


H 


H 


72.8 


H 


31 S 


178 


«0 


150 


i 


M 


n 


77.2 


« 


325 


160 


« 


149 


H 


H 


• 


72.2 


M 


340 


181 


It 


149 




II 


H 



6 Jarmapv IQRO forlfina dlamater 0.41'?”) 



960 

It 


480 

N 




4.4 

ft 


.000264 

ft 


1.52 . 00 J 44 


.OJ66 


2 X .05 

21.05 


75.7 

75.7 


IJO 


320 

318 


162 

182 


« 


« 


20 


ft 


II 


It It 


ft 

1 


, 20:5 


73.6 


ft 


312 


181 




« 


40 


ft 


II 


ft ft 


ft 


20.4 


73.3 


149 


325 


ft 


« 


ft 


50 


ft 


ft 


X.50 .00342 


. 077 X 


19.65 


70.5 


149 


330 


ft 


960 


480 


i 50 


, 3.«5 


.000200 


1.53 .00345 , 


.0580 


19.95 


7 X .6 


150 


320 


181 


960 


480 


50 


‘i .75 


.000310 


1.50 .00342 


.0906 


18.75 


67.2 


150 


315 


180 


« 


ft 


40 


4.80 


.000316, 


X.50 .00342 , 


.0924 


20.1 


72.2 


151 


300 


179 


■ 


ft 


30 


« 


ft 


I.5X .003435 .0920 


20.4 


73.3 


151 


II 


179 


« 


It 


35 




ft 


X.51 .003435 


.0920 


20.5 


73.6 


150 


II 


180 




ft 


20 


• 


ft 

» 


1.53 .00345 


.0916 


19.4 


69.6 


1% 


299 


180 



82.5 


150 


28.0 


32.0 


30.0 


82.5 


153- 


« 


II 


II 


«3 


150 


II 


• 


H 


ft 


150 


H 


0 


0 


ft 


151 


« 


0 


0 


«3 


150 


28.0 


32.0 


30.0 




150 


28.0 ' 

i 


32.0 


30.0 

0 


• 


H 


n 


11 


0 


II 


15X 


0 


0 


0 


II 


X50 


0 


0 


0 



I 



f 



I 

4 f • }« 






TA6LS. ill 

2 1/2" U. I. T. 0. s. £ngln« 

Fu«l 100 Cctan* 



RPM 



SpATk 

MvAnot “oto- 
BTC aattr 



2400 


1200 


35 


6.35 


• 

i 


n 

N 


1§ 


If 


n ^ 


H 


40 


tt 


n 


m 


50 


N 


II ' 


• 


60 


II 




• 


65 


• 


i 


N 

1 


65 


6.25 


N 


n 


60 


6.25 


2400 


X200 


60 


6.5 




II 


i 50 




• 


• 


. 40 


N 


II 




30 


• 


2400 


1200 




7.25 




II 


40 


« 


« 


• 


50 


II 






55 


• 




n 


45 


M 


II 


» 


*15 


« 


tt 


N 

t 


, 50 


7.2 






40 


7*2 


II 


• 


30 


7.25 


2400 


1200 


30 


7A 


« 


II 

• 




7;7 






50 


• 


ft 


n 


50 


7.65 




eriflo* 



XO January 1950 (crifloa 0.4X3’*) 

Vn p D.»vr ’^eyi 



.000552 10.55 .oo«94 .0617 

• 10*75 .00902 .0612 

• 10.75 .00902 .0612 

• 10.70 .00699 .0615 

» 10.60 .00696 .0616 

• . 10.25 .00660 .0626 

• 10.25 .00660 .0626 

.000544 10.40 .00867 .0613 
.000544 10.40 .00667 .0613 



17.7 


63.5 


152 


400 


15.1 


54.2 


150 


. 390 


11.0 


39.5 


150 


385 


19.1 

20.5 


68.6 

73.6 


149 

150 


390 

405 


21.2 


76.1 


152 


422 


20.7 

20.6 


74.4 

74.7 


X50 


430 

425 


21.2 


76.x 


N 


405 



.000576 10.25 .00660 

" 10.40 .00687 

•» 10.55 .0069*^ 

• 10.60 .0069^ 



.0657 22.0 79.0 

.0653 22.55 61.0 

.0649 20.9 75.1 

.0647 17.7 63.5 




II 



430 

420 

40« 

4oO 



.000704 10.55 .00693 -0790 

• 10.50 .00869 .0792 

• 10.45 .00868 .0793 

• 10.40 .00885 .0796 

• 10.40 .00891 .0791 

• 10.45 .00889 .0792 

.000697 10.30 .00882 .0790 
.000697 10.40 .00686 .0787 
.000704 10.60 .00696 .0786 



20.6 


74.0 


X50 


392 


22.6 


61.1 


x 49 


4x5 


22.2 


79.7 


X50 


4X8 


21.7 


77*9 


X5X 


4S8 


22.6 

22.6 


61.1 

61.9 


X50 


4X5 

4X5 


22.2 


79.7 


II 


42X 


22.5 


60.6 


N 


405 


20.6 


74.7 


II 


394 



.000730 

,.000782 

.000802 

.000782 

.000771 



10.70 .00899 
10.70 .00699 
10.65 ,.00697 
10.40 .00885 
10.40 .00885 



.0813 21.1 
.0870 20.8 
,0872 22.4 

.0863 22.1 
.0871 22.1 



75.6 150 

74. 7 

80.4 l49 

79.4 150 

79.4 150 



389 
3S1 

390 

400 

404 



14 r«taruary 1950 (orlfloe filaa.tar 0.413*) 




160 

H 



162 

161 

160 

160 

162 

160 

179 

160 

160 

161 

160 

160 

179 

160 

161 

160 

160 

176 

179 

179 

160 

160 



T 



a 



81 



60 

60 



62 

62 

61 

61 



82 



« 

N 



72 

7« 

75 

79 

62 



61 

61 

60 

60 

61 



■^oU ^1 




150 



?8a0 32.0 






II 



151 

149 

146 

146 



26.0 

II 




II 



150 

151 
150 

150 

149 

151 
151 

150 
150 



26.0 

II 

N 




0 



H 




28.0 

« 



32.0 



N 

■ 



J*. 

30.2 






30.2 

n 



30.2 

n 






30.0 

« 






30.0 

N 



M 



2400 


X200 

II 




6.85 

H 


.000637' 


X0.05 

n 


^ n 


I 




II 

1 




» 


3000 

a " 


X500 

M 


50# 

« 


7.fi 

II 


.000601 

« 


15.95 

n 


1600 


900 


40# 


, 5.« 


.000464 


5.45 


• • 


II 


« 




H 


II 


960 

^ • 


460 

ff 


55' 


4a2 

H 


,.000240 

H 


X.45 

n 



00880 

• 


.0725 

II 

H 


21.6 

21.6 

21.6 


78.2 

77.5 

77.5 


150 

H 

II 


410 

« 

II 


0x099 

n 


.0729 

II 


20.5 

20.3 


73.6 

72.9 


150 

M 


4J5 


00650 

« 


.07x6 

« 


21.7 

21.5 


77.9 

77.2 


X50 

a 


36O 

n 


0 

0 


.0706 

.0706 


20.6 

20.6 


7‘t.7 

73.9 


XJO 


3I6 

• 



160 

M 


82 

n 


150 

M 


28.0 

II 


32.0 

M 


30.6 


M 


n 


• 


m 


N 




160 

« 


55 


x49 

X50 


26.0 

■ 


32.0 

<1 


30.6 


X8X 


«5 


X50 


28.0 


32.0 


30.6 


X80 


II 


n 


11 


« 


II 


xeo 

« 


55 




28.0 

H 


32.0 

■ 


30.6 



♦ Infllcator Cari3a Tak#n - Not© That tm©n Indicator Operating, 

# Bast Powar sparh Adranc^waa Baduciid by 0.2 In Hg. 



DynaTioaatar Beala R©a'*lng 



TABLE IV 

2 1/2* M. I. T. a. fl. Engine 
Motoring Friction Data 



Tiffle-> 








10 January 


1950 (nPB = 2400 ; a » 1200 ; pj « 28 . 0 ; Pg * 


32.0) 






Bee 

Dyn, 

jjjeele 

*wj 


15 

7 -S 

176 


30 

7.6 

176 


^5 

7.9 

176 


60 

7 .S 

170 


75 

7.7 

170 


165 

6.0 

162 


ISO 195 210 

S.O , 7.9 * 6.0 *FMEP ■ 

161 160 160 


28.7 pel 












7 February 


1950 (VM ■ 2 , 400 ; a « 1200; p^ • 28 . 0 ; p, • 


32 - 0 ) 






Tliie?»^ 

^^6ale 


30 

7.«5 

ISO 


60 ' 

7*9 
180 ; 


90 

7-9 

ISI 


120 

7 .« 5 . 

t 161 . 


180 

7 .S 

180 


240 

7-9 

ISO 


300 ' 360 ” 420 i*S0 540 

7.S5 7*65 7.65 ^7.65 7«6 

ISO , ISO , ISO ISO ISO 


600 

7.9 

ISO 


•FMEP s 


2S.2 psi 


1 




i 




12 February 1950 (T^ » 


150 1 T||j * ISO { ^oll * 150 1 Pi. • 2 S. 0 | p0 « 


32 . 0 ) 








1 




i 


1 




R?« • 96OJ 8 • 4S0 










15 

5 .S 


30 

5-7 


*^5 

5.S 


5.9 


P 

6.0 < 


90 . 

► 3 .S 


*FM^ • 20.S psi 












♦ 




i 






RPM * 1200; 8 « 600 








n™*Stc 

^So«le 


6.0 


6.1 


*^5 

6.4 


60 

6.0 


P 

6.5 


90 . 

6.0 


105 120 150 ISO 210 

6.5 6.0 5.9 6.4 6.4 


24o 

• 6.4 


♦FMEP 


* 22.95 P «1 
















RPM ■ ISOO; 0 « 900 








^oale 


7 .^ 


30 

7.0 


^5 

7.1 


60 

7.2 


75 

7.1 


90 

7.0 


105 120 150 

7.3 7.1 *7.2 




♦FttEF 


• 25.65 psi 


^oale 


i 5 

S .5 


30 

S.l 


45 

S .2 


t 

1 60 

8.1 


P 

S.2 


90 

S .2 


RPM * 2400 J s * 1200 

105 120 150 

8.0 S.2 *S.l 




♦FMEP 


* 29.1 pei 










j 






HPwi - 3000 ; 8 - 1500 








^^-*See 


9^65 


30 

9.35 


45 

9 ^ 


. 60 

9.45 


P 

9.5 


90 , 

9.5 


105 

♦ 9*^5 




♦FVEP 


» 33.9 psi 










( 


t 


1 


. ^ 

RPM • 3400; 8 » 1700 












P 

10.2 


1^.2 


60 

10.3 


112 


90 1 

10.25 


105 . 120 150 165 ISO 

10.25 10.1 10.2 10.15 10.15 


10.2 


210 

*10.2 


*FMEP * 36.6 psi 






I 



TAfiLe r 

2 1/2* k. I. T, 0, », Kngine 
Detonation Data 
Fuel ’’Whitt Oa»* 



BBL 



#2400 

t "" 

f • 

# ■ 



N 

« 

« 



2400 



i 

ff 



2400 



2400 

« 

a 

tt 

2400 

ti 

« 



24§0 



2400 

■ 

« 

N 

« 



1200 

» 

«« 

II 

« 

1200 

« 

■ 



1200 

n 

« 



1200 

■ 

« 



1200 

« 

« 



1200 

« 

« 



1200 

« 

» 

« 



-OijXc ' 

65 



g 

66 

52 

r, 

59 

72 

62 

i 

4 o 

49 

60 

46 

42 

35 

31 

55 



64 

41 

37.5 



I 



10.0 

10.2 

10.4 

10.63 

U.l 

11.75 

11.45 

10.45 

10.8 . 



.001235 

.001274 

.001316 

.001371 

.001462 

.001605 

.00.538 

.001330 

.001402 



/iP 
orlfiqtf 



10.0 .001215 

11.0 j. 001442 

I ! 

10.15 .001265 
10.4 .001316 

9.75 .0011821 

9.4 .001110 

8.8 .00099 
9.25 .001081 

9.55 .001142; 
9.725.001180, 



9.x 

8.8 

8.5 

8.05 



.001049 

.000991; 

.000930 

.000845 



7.55 .000755 
7.85 .000810, 

8.2 .000872 

8.45 .000921 

7.3 .000714 



7.0 .000662 
7.15 .000687 

7.4 '.000730 
7.7 ,.000783 

8.05 .000845 



9.85 

10.55 

11.40 

12.25 

14.00 
I6.8O 

15.25 

14.05 

15.75 

12.10 

16.5 

15.0 

16.5 

13.1 

U.5 

11.5 

13.5 

15.25 

16.35 

16.0 

14.3 

18. 3 

10.4 

10.85 

12.4 

14.4 

16.5 
9.65 

10.25 

11.05 

12.5 

14.75 
16.8 



51 8 a««hLjL 95 QJ^oJ^tle»_ 8 JJaicter_ 0 .j 4 i 5 ?.) 
Dyri ■ 






.0102 

.01054 

.01095 



.01208 

.01330 



.1210 

.1209 

.1200 



01135 .1205 



.1211 

.1209 



.01272 .1209 

.01210 .1100 
.012811 .1094 
.01130 .1094 

.01321' .1094 

1 

.0126 o { .1003 
.01332 .0994 
.01889 .0994 
.01117 .0994 

I 

.01117 .0887 
.01209 .0895 
. 0127(1 .0895 

.01317 .0897 

.01308 .0802 
.01240 .0798 
.01152 .O8O5 
.01054 .OSO3 

.01CS2 .0698 
.01155 .0701 

.01240 .0701 

.01313 .0702 
.01023 .0698 

.01052 .0629 
.01093 .0629 
.01161 .0629 
.01257 .0624 
.01340 .0631 



Seal* 



24.35 

25.95 

26.95 

28.35 

30.25 

34.35 

53.15 

30.95 

34.05 

26.75 

35.35 

34.15 

35.75 

30.75 

27.05 

28.15 

32.85 

35.85 

37.15 

37.25 

35.05 
31.S5 

27.85 

30.05 
32.45 

35.15 

36.25 

27.75 

26.15 

27.95 

30.25 

32.05 

33.95 



BMZP 



101.8 
108.6 

124.9 
118.0 

111.1 

122.1‘ 

96.0 

126.9 

122.7 

128.2 

110.3 

97.1 

101.0 

118.0 

128.8 

133.3 

133.8 

125.9 

114.3 

100.0 

107.9 

116.5 

126.1 

130.1 

99.16 

93.9 ' 

100.3 

108.6 

115.1 

121.9 



180 

« 

« 

II 

« 

« 

« 

160 

N 

« 

180 

« 

t 

4 

160 

« 

■ 

160 

H 

■ 

ISO 

4 

4 

4 

4 

ISO 

^ 4 
• 

4 

4 



eyl 



567 

362 




*H3 

415 

415 
40S 

4 1 6 
4 iS 
425 

443 

452 

443 

44 S 

43s 

44 S 

454 

*^53 

464 

452 

453 
453 




44i 

441 

443 






180 

4 

n 

4 

4 

4 

4 

180 

4 

4 

4 

ISO 

4 

4 

ISO 

4 

4 

4 

ISO 

4 

4 

4 

ISO 

• 

4 

4 

4 

ISO 

4 

4 

4 

4 



Xneini^fit Deti^natien Occurred for All Point « Except Thest 
Harked # For Which Mo Detonation Occurred. 

I |l»i Indicator Deed 



50 
SX 

51 
SO 

79 
so 

so 

so 

9 

9 

m 

80 
9 

9 

H 

60. 5 

SO.5 

SO 

SO 

50 

51 



so. 5 
so 
so. 5 

50.5 

79.5 



oil 



p 



9 

9 

9 



1^0 



« 

ft 

« 

9 



1^ 



9 

9 



150 



IJO 

4 

4 

150 

4 

4 

4 

IJO 

4 

4 

4 

160 

4 

4 

4 

4 



Pi 



32.0 

33.0 

34.0 

35.0 

37.0 

40.0 

3«.5 



37.0 

39.0 

35.0 

40.0 

3S.5 

40.0 

37.0 

35.0 

35.0 

37.0 

39.0 

40.0 

40.0 

35.0 

36.0 

34.0 

36.0 

35.0 

40.0 

33.0 

33.0 

34.0 

36.0 
s.o 

.1 






32.0 



32.0 



32.0 



32.0 



32.0 



32.0 



32.0 



•^2.0 
H2.0 
in .8 
In. 85 
In. 25 
«n.95 
^2.15 

In. 25 
In. 45 

41.90 

42.10 

42.20 

42.00 

’2*75 

42.90 

42.80 

42.50 

42.80 

42.10 

42.40 

42.70 

42.80 

43.20 

42.90; 

42.6 o' 

42.40 

42.10| 

43.20, 

43.00 

42.80 

42.50 

42.30 

42.10 



i 



i 
















m H 

« > ' «... 

• • I 



mJ^ 

^1 



h I 




iPw-'» 





>4 i nJ 



« I. J 




^ : 







*1 <d 4^1 A' •> 

* ' *X^ O ^ *A J 

■r 

f9 ftf ^ t«i«) 




u 

•f 

•5i ti 




TASL£ VI 

2 1/2“ 1. T. 0, 8. 

Dftonatlon Pata 
Fuel C^a«' 



BPM 



W57;. 



1000 

« 



1®00 

II 

» 

fl 

1000 

m 

tt 

1000 

« 

II 

m 

1000 

II 

II 



1000 

n 



500 



500 

a 

a 

a 



500 

a 



500 

« 



500 

« 

If 



500 



7 LnCZ 



^3 

32 

25 

19 

21 

in 

33 

35 

29 

51 

4^1 



26 
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TABLt. VII 

2 l/a* H. I. T. a. 3* tngin# 
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TABLE VIII 

2 1/2" M. I. T. G. S. ENGINE 
Fuel 100 Octane 
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TABL&. IX 

h* 1. I. T. a. B. tnfUv 
Fu«l 100 Ootano 
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9 Ftbruary 1959 (orifice filamottr 0.6l4") 
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ft 


ft 


ft 


ft 


m 

m 


i« 

m 


it? 


7 .U^> 

7 M 


.?vo 374 


i 4 .C 5 


. 0«13 

.0510 


• 7 - 
« V ‘ 




M..: 

•*.o 


ft 

ft 


565 

55 ' 


ft 

m 


ft 

ft 


ft 

ft 


If 

ft 


m 

n 


ft 

ft 


1*00 


1560 




10.05 


. 00*93 


? 4.1 


. 6 V 9 


.07-76 


• 4.7 


J 


190 


575 


1 0 


46 


1*^0 




3 ?.^ 


fO.I 


n 


ft 




10.0 


.noiTl 


> 4.0 


.r *669 


.''>735:1 


^.7 


t 4.1 


f' 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


n 


• 


4 t 


l« 5 .o 


.00401 


f^.O 


.^Miv 


." 775 > 


•• . f • 


• 4 . 


ft 


ft 


ft 


ft 


m 


ft 


ft 


ft 


m 


ft 


^7 


10.0 






. 01 . 4 * 


. 7^1 


M .7 




ft 


ft 


ft 


II 


ft 


ft 


II 


ft 


m 


ft 




ir .1 


.OOfc t 


? 4.4 


.0 71 






•• .0 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


H 


ft 




10.0 


. 5^*441 


24 ., 


.OAffti 


. 07^5 






ft 


ft 


ft 


•1 


131 


ft 


ft 


ft 


4 


M 




1 .0 


. 4^1 


T 4.1 


.oiwA 


. 7 ^' 




•♦.A 


ft 


ft 


ft 


ft 


150 


If 


*0 


ft 




hr 


r* 1 


1.4 




* .0 




.^ 7»7 


• 1 

• 


• 


iy> 




1*0 


• 6 


14 # 






’ 0 . 9 ' 




I 





f 




T 









iBe* 






yn. 
Scale 

^oU 

‘cyl 



I iBe*se 

^Scale 

Ki 



#Tl»e- 
:oll 



•eo 



60 



^•55 

lEO 

150 

2- 
1‘ 



6.0 

if^o 

150 

150 



^?6 

1«0 

145 

150 



90 



4.25 

ICO 

15^0 

222 

150 



60 

7.0 

lao 

150 

150 



60 

^.7 

160 

145 

150 



120 



4.25 

160 

150 

212 

150 



90 

7.5 

160 

150 

150 



r .7 

160 

145 

150 



15*0 



4.25 

175 

152 

20< 
15< 



120 

ICO 

150 

150 



120 

5.0 

160 

145 

150 



TABL.S AVI 

6** M. I, T. G. s. ingiRe 
Motoring !>Yietion Data 

10 Janu^y 19^ (H?M * 400; e » ^60; 



ISO 



^•35 

175 

150 

200 

150 



:W s llfOO; • « 



150 

6.6 

1S2 

150 

150 



150 

5.1 

ISO 

145 

150 



210 



,4 

175 

ly - 

195 
1^ 



ISO 

6.7 

162 

150 

150 



ISO 

5.1 

ISO 

145 

150 



240 



4.4 

175 

153 

m 



176 

153 

192 

iny 



mvp • 17. 3 pci 



210 

6.S 

IS3 

152 

150 



RPM • SOO; a 



210 

5-1 

160 

145 

190 



« 



70 



300 



4 ■* 

176 



Februaary 19 5^ 
144-0; . Pi 



240 

6.6 

1S4 

154 

1^ 



270 

6.6 

165 

155 

150 



330 



4,5 

177 

152 

190 

149 



30 » 2 in. Hg ) 



360 



4.4 

176 

152 

190 

149 



30.2 J.n. Hg 



300 

6.S« 

165 

155 

150 



PfilP = i6.45 pci j 

960; p* • Pi J 30.2 in. Hg 



390 



4.45 

17« 

Ibl 

190 

1% 



240 

5-1 

180 

145 

150 



270 

5*1 

180 

145 

150 



300 

5.1^ 

ISO 

145 

150 



FMEP » 19. S pol 



1 



S^PM • ifOO; s 4S0; • pi - 3O.2 la. Hg 

Ti * 150;! T*j « ISO; Toil • 150 1 



After fire ainutea |djii. Seele » H.ll; I6.0 pGl 

1 t ! , 

14 Pebru;^y 1950j 1 



HPM 

400 

600 

600 

1200 

1200 



4S0 

960 

960 

1440 

l44o 



leo 

17« 

189 

165 

179 




155 

155 

152 



^oll 

150 

146 

152 

152 

152 



Oyn., 

Scale 

4.4 

5.9 
5.7 
7.2 

6.9 



FMSP 



420 



4.45 

17s 

151 

190 

1^ 



450 



4.45 

17s 

151 

190 

150 



480 



I.'. 45 

17s 

151 

190 

1^ 



510 



4.45 

17s 

151 

190 

1^ 



54c 



4.45« 

17s 
151 

190 
150 






17*1 iEcadlng tiUcen 5 ainutea after Ignitipn cut. 
22.95 ,fl«adl»g Taken Saforo firing. 

22.15 Reading taken $ oinutea after, ignltien cut. 
28.0 iKeading taken Before firing. | | 

26.85 iHeaSing taken 5 ainutea after, ignitipn eut. 



Tlae alter ignition cut off. 



i 



TA8Li. WIX 
6** II* 1* T* 0* 8» i 
DETON/lTICH DATA 
ru9l - "ihlt# Oat** 



111 march 19^0 (orXflct <Uaaoter 0.920") 



RPH 


A 


&parA 


Roto- 


• 

M.. 




• 


F 


Dyn. 


■U.P 


T. 


T ^ 




w 


Advaaot 


nttor 


f 


erifioa 


• 


a 


Eoala 




*1 


oyl 


1000 


1200 


27 


5.1*5 


.00290 


8.4 


.0396 


.0731 


16.45 


64.0 


151 


514 




• 


ll^ 


6.65 


. 00342 


11.65 


.0467 


.0731 


19.85 


77.2 


150 


513 


« 


II 


10 


7.55 


.00379 


14.2 


.0515 


.0736 


22.2^ 


86.5 


150 


^2 


#1000 


1200 


10 


3.95 


.00227 


5.15 


.0313 


.0725 


9.2 


35.a 


151 


452 


# • 




27 


H 


II 


H 


II 


a 


11.8 


45.9 


150 


468 


# • 


• 


35 


• 


H 


N 


• 


a 


11.85 


46.1 


1% 


460 


4 • 


• 


?5 


H 


II 


H 




a 


11.5 


44.7 


150 


500 


# • 


• 


Mo 

j 


• 


II 


« 


a 


a 


11.7 


45.5 


150 


490 


1000 


1200 




5.00 


.00270 


7.30 


.0639 


.0730 


15.1 


5«.7 


150 


505 


• 


n 


16.5 


S.20 


.00322, 


10.35 


.0439 


.0734 


18.45 


71.7 


a 


<^08 


il 


# 


20.5 


5.70 


. 00300 


9.05 


.0411 


.0730 


17.25 


67.0 


a 


505 




♦ 






1 




16 Mar<^ 1950 ,(Q**lTlct 


“iwEotar 0.920 


•) 


1000 


1200 


IM * 


9.65 


.OOU76 


14.9 


.0526 


.0905 


24.25 


94.4 


150 


480 


m 


« 


IT 


8.45 


.00420 


11,7 


.0466 


.0901 


21.25 


82.6 


i 


475 


n 


• 


23 


8.05 


1 .00402, 


10.7 , 


.0446 


.0901 


20.15 


78.4 


n 


480 


n 


• 


28 


7.55 


.00382 


9.65 


.0423 


.0902 


1«.75 


73. c 


M 


igO 


#1000 


1200 


28 


7.0 


.00355 


«*35 


.0394 


.0902 


17.05 


66*3 


150 


470 


# • 


M 


45 


§.95 


.00353 


8. 25 


.0392 


.0901 


15.65 


60.9 


151 


505 


# • 


n 


51 


6.90 


•00351 


8.25 


.0392 


.0897 


15.65 


60.9 


150 


515 


1000 


1200 


36 


«.7 


.00431 


9.9 


.0429 


. 1005 , 


18.85 


1 y* > 


150 


480 


• 




• 25*5 


9.3 


.00458 


11.35 


.o46o 


.0997 


20.65 


81.1 


151 


470 


• 


« 


19.5 10.3 


.00506 


13.75 


.0506 


.1000 


23-25 


*>0.5 


150 


470 


M 


« 


17*5 10.65 


.00530 


15.05 


.0531 1 


.0999 


24,65 


96,0 


150 


465 


1000 


1200 


19*5 11.9 


1 .00582 


15.05 


.0530 ’ 


.1100 


24.05 


93.5 


150 


;ipo 


n 


• 


23 


11.25 


.00550 


13.35 


.0499 


.1100 


2.45 


67.4 


a 


445 


M 


n 


24 


11.25 


.00550 


13.35 


.0499 


.1100 


22. 65 


tg.l 


a 


445 


n 




29.5 10.2 


.00500 


13L * 1 


.0454 


.1100 


19.95 


77.5 


a 


440 


#1000 


1200 


. 29*5 


9.3 


' .00460 


9.5 . 


,0421 


.1092' 


17-75 


69.1 


150 


425 


# • 




40 


9.3 


.00460 


9.45 


,0420 


.1095 


17-65 


68.7 


a 


455 


1000 


1200 


31 


10.15 


.00498 


10.95 ! 


.0452 


.1100’ 


19.65 


76,5 


130 


445 










t 


IHCIPIRHT DETOhATlOK OCCURRED 


FOR ALL 


POIMTO 


EXCEPT 



MARKED # FOR fHICH HO DET' HATlON OCCURRED. 



"wj 


^alr 


^oll 


180 


79 


152 


182 


79 


152 


180 


79 


150 


180 


79 


150 


a 


a 


151 


a 


a 


151 


a 


a 


150 


a 


a 


150 


leo 


79 


150 


a 


a 


a 


a 


a 


a 



180 

a 


so 

a 




a 


a 


a 


a 


a 


H 


ISO 


SO 


150 


a 


a 


a 


a 


a 


a 


ISO 


so 


150 


a 


a 


a 


a 


a 


a 


a 


a 


a 


180 


80 


150 


a 


a 


if 


a 


a 


a 


a 


a 


a 


ISO 


SO 


150 


a 


a 


a 


ISO 


SO 


150 






22.9 


32*0 


30.0 


25.95 

28.0 


32.0 


30*0 


32.0 


30. 0 


18.8 


32*0 


?0.0 


IS.g 


a 


f } 


16. 9 


a 


N 


18.95 


a 


W 


16.95 


a 


• 


21.8 


32.0 


■*0.0 


24,8 


a 


• 


23.5 


a 


c 



28.5 


32,2 


30.0 


25.9 


32.0 


a 


25.1 

24.1 


32.1 


a 


32.0 


a 


22.8 


3?.l 


30^0 


23.0 


a 


a 


23.0 


a 


a 


24*5 . 


31.95 


30.0 


25.S 


32.2 


a 


27.6 


32.05 


a 


28.5 


31.9 


a 


28.5 


32,0 


30.0 


27.3 


32.1 


a 


27.3 


32.1 


a 


25.4 


31.95 


a 


23.9 


31.95 


30.0 


23.9 


31.8 


a 


25-25 


32.1 


30^0 



THOSE 



15 

liii^ 




^ I* «4. 

iw K r *1^ 



? 






*0; 




1^ 





^ 1 




■ -.f iiT^ 




J** '*• 


’5-a. 


' ' • • 

1^ :Ci 






m 


t « 



f ^^. . 




f 

u 






TABLE XVI IX 

6" U. I. T. &. d. Engine 
Detonation Data 
Fuel - "White Gas" 



HPM 


8 


SparJc 

Advance 


Roto- 

meter 


Mp 


Orifice 


21 March 195c 

F 

a 


> (orifice diameter 0 

B?^EP T. 

Scale ^ 


.920") 

Tcyl 




*^alr 


Toll 


^^1 


I’e 




1000 


1200 


15.5 


5.2 


.00279 


7.85 


.0365 


.0727 


15.2 


59.1 


Igo 


465 


179 


60 


151 


23.05 


32.05 


30.1 


II 


H 


16 




.00279 


7.S5 


.0365 

.0364 


.0727 


15.2 


59*1 


tl 


490 


160 


II 


150 


23.05 


32.05 


II 


It 




22 


r-l 


.00267 


7.0 


.0732 


i 4.7 


57.2 


II 


490 


n 


II 


II 


22.1 


31.85 


M 


It 


1200 


27 


4 . 6 


.00254 


6.35 , 


.0346 


.0734 


13*75 


53*5 


II 


500 


tl 


It 


II 


21.4 


32.15 


M 


(I 


II 


. 29.5 




.00241 


5.60 


*0333 


.0727 


13.1 


51.0 


II 


490 


It 


It 


II 


20.7 


32.0 


If 


fi 


ri 


37.5 , 


4.1 


.00233 


, 5-35 


.0320 , 


.0730 


12.1 


47.1 


M 


500 


<1 


II 


M 


20.1 


32.1 


ft 


^ 1000 
If 


1200 




3*95 


.00225 


5.0 


.0309 


.0729 


11.65 


45*3 


ISO 


475 


ISO 


so 


152 


19.4 


32.1 


30^1 




M 




II 


II 


II 

( 


II 


II 


11.05 


43.0 


«l 


500 


ISO 


II 


150 


19.5 


II 


II 


H 


M 


^7 


II 


II 

1 


II 


M 


II 


10.75 


41.6 


H 


505 


1S2 


n 


II 


II 


II 


II 


M 


II 


50.5 


II 


t II 


II 

t 1 


II 


II 


10.3 


40.0 


II 


510 


1S2 


11 


II 


ft 


It 


II 


1000 


1200 


14 

i 


5.65 


'.00296 


j 6.6 


. 0 !t 07 , 


.0731 


16.2 


63.0 


ISO 


490 


ISO 


so 


152 


2^k0 


32.0 


30.0 


M 


II 


9 


6.05 


'.00313 


10.0 


. 04^2 


.0729. 


16.7 


65.0 


H 


490 


n 


M 


152 


25.2 


32.0 


H 


II 


H 


g 


6 . 4 o 


,.00329 


.10.7 


. 0^146 

• t 


• 0735 


17.0 


66.1 


II 


490 


It 


It 


150 


27.75 


32.1 


II 


M 


II 


5.5 , 


6.55 


*oo 3;57 


11.35 


.0459 


• 0735 


17.2 


67.0 


It 


495 


II 


11 


II 


26.3 


31.6 


n 


II 


H 


3 


6.^5 


.00349 


12.2 


.0476 


.0732 


17.0 


60. 1 


II 


495 


n 


tl 


It 


27.15 


32.0 


It 


II 


It 


1 


7.20 


;.oo363 


13*2 


.0500 


.0732 


17.3 


67.3 


It 


495 


tl 


It 


II 


26.0 


32.2 


H 


II 


f1 


i 0.5 

f 

f * 


7.40 


.•00373 


;i 3-95 


.0510 .0732 

7 April 1950 


16.3 71.2 " 500 

(orifice diameter O.92O") 


II 


II 


151 


26.6 


32.0 


II 


1000 


1200 


1 


g .7 


.00435 


10.1 


.0435 


.1000 


16.4 


71.5 


160 


465 


ISO 


SI 


150 


25.3 


32.0 


30.1 


H 


H 




g.l 


.00405 


6.9 


• o 4 oa 


1 

.1000 


17.0 


66.0 


n 


465 


tl 


11 


152 


24.1 


II 


II 


It 


It 


7.35 


'.00375 


7-6 , 


.0376 


.0999 


14.9 


56.0 


II 


460 


It 


It 


151 


22.6 


' II 


II 


1000 


^ 1200 


30 


9.5 


.00470 


1 9.6 ' 


.0427 


.1100 


17*7 


66.9 


161 


445 


ISO 


SI 


150 


25.1 


32.1 


30*1 


II 


N 


3 g ^ 


g.95 


.00445 


, 6.6 


.0406 


•1095 


16.6 


64.5 


160 . 


445 


u 


M 


II 


24.05 


32.0 


It 


It 


H 


22 


10.55 


.00516 


11.9 


.0471 


.1100 


20.5 


79.7 


160 


440 


II 


tl 


II 


26.9 


32.0 


M 


1000 


1200 


17 


7 .g 


.00395 


,10.3 


.0439 


.0900 


16. 9 


73.5 


161 


470 


ISI 


63 


150 


25.55 


32.0 


30*1 




M 


29.5 


6. 6 


.00342 


7-7 


.0379 ' 


.0901, 


16.05 


62.5 


160 


470 


ISO 


II 


150 


22.65 


II 


N 


N 


H 


3 S 


6.2 


.00323 


6.9 


• 0359 


,0900 


15.2 


59.1 


179 


60 


ISO 


II 


152 


22.0 


n 


H 


1000 


1200 


15 


6.3 


.00330 


9.1 


. o 4125 


.0600 


17.4 


67.6 


160 


485 


ISO 


63 


152 


24.4 


32.0 


30.1 


It 


n 


20 


5*75 


.00305 


7.75 


.0360 


.0602 


16,3 


63.4 


160 


460 


tl 


11 


152 


22.9 


N 


H 


It 


n 


37 


4 .S 5 


,00265 


5 -S 


.03315 


.0796 


13.6 


52.9 


179 


490 


II 


It 


150 


20.6 


H 


H 


1000 


1200 


17.5 ' 


5 - 05 


'.00274 




.0374 , 
.0340 , 


.0732 


15.5 


60.3 

54.4 


161 


465 


ISO 


63 


1^0 


22.65 


32.0 


30el 


H 


M 


27 , 


4.4 


.00245 


6.1 


.0722 


14,0 


160 


490 


tl 


It 


20.95 


32.2 


fl 


M 


It 


35 


4.2 


.00235 


5*55 


.03245 


.0724 


13.15 


51.2 


160 


495 


II 


N 


It 


20.25 


32.0 


tl 


1000 


1200 


21 


4.25 


.00236 


7.2 


.0367 . 


.0650 


14.0 


54.4 


160 


480 


ISO 


S 3 


150 


22.2 


32.0 


30.1 


« 


M 


2 S .5 


3.?5 


.00219 


6.1 


.0340 


.0644 


12-.5 


46-6 


160 


485 


ISO 


63 


150 


20.9 


32.1 


It 


H 


n 


37.5 


3.40 


.00201 


5*1 


.0312 


.0643 


11.1 


43.1 


H 


495 


n 


n 


II 


19.7 


32.1 


rt 



INCIPIENT DETONATION OGCU^iHED FOR i\LL POINTS EXCEPT THOSE 
-A^KED # FOR ITHICH NO DETONATION OCCURRED 



f 



j ~ <«PfK 

: I 



ZIX 

Data fron P-V Diasrans 
transferred, from 
Indicator Dia^ams 

2 1/2'' Ennine 



N(rpra) \^£n) 


SA( °BTC ) 


Area( in 


InepCpsi ) 


Onep ( p s i ) 


raop(psi ) 


960 


400 


35 


5, 3G2 


107.24 


74.7 


32. 5 


IGOO 


900 


47 


5.510 


110.20 


77.9 


52.3 


2400 


^ 1200 


45 


5.957 


119.14 


/ - .2 


39.9 


3000 


1500 


50 


5.930 


110.60 


73.6 


45.0 






4" En 










900 


720 


32 


5.305 


107 . 7 


01.1 


16.6 


1500 


^ 1200 


39 


5.720 


114.4 


91.8 


22.6 


1000 


1440 


41 


5.700 


115.6 


92.5 


23.1 






6" Ennine 








400 


4o0 


20 


5.40 


103. 0 


9.5 


1/.5 


800 


960 


30 


5. 64 


112.0 


100.0 


12.8 


1000 


X 1200 


30 


5. 89 


117.0 


100.0 


17.'? 


1200 


1440 


34 


6.22 


124.4 


05.0 


29.4 


1500 


1800 


40 


5.73 


114.6 


89.2 


2 , ■ j 


A1 


Indicator runs for 


loo Octane 


fuel, 100 


lb. spring. 




PQ 


= 32" Hj, 


= 150% 


Tv,| = 180, 


'uil 


at r-- 


"A. 












X- 


Plotted in 


Flc. 9 












Actual difioronces r 


athur than ( 


differences 


obtained 





from smooth curves. 



APPENDIX A 



Description of Engines 



General 6" 


4" 


2 1/2" 


Bore (in) G.O 


« 

o 


2.5 


Stroke (in) 7.20 


4.8 


3.0 


Piston Area ( In^ ) 28,27 


12.57 


4.91 


(ln°) 203.5 


60.35 


14.71 


Compression ratio 5.74 


5.74 


5.74 


Inlet valve (in) .012 

clearance (cold) 


.008 


.005 


Exh, valve clearance , 015 
(cold) 


.012 


.006 


Piston speed/rpm 1,2 


.8 


.5 


Spark plug, champion J7“18ran 


J8 


Y-4A 


Valve overlap (degree 3 ) 30 


30 


30 


Dynamometer 






Scale piston diam(in) 2.795 


1.614 


.932 


Dyn, torque arm (in) 21.008 


15.756 


12.605 


Overall djm, constant 

K 1000 


4000 


15000 


Scale force for l"Hg 3 

(lb) 


1.0 


.333 


BMEP 3 . 89 h 


3.28 h 


3.59 1 



BMEP = 

Blip = Sji 

Plug Locations 




I- Inlet 



C-CYlinder 



£■ - Exhaust 



1. Vi. I.T. and Li Indicator 

2. !<on firinj spark olug 



3. Blind plug 

4. Firing plug 










\ 










o 






V. 

V 

O 


V 


V 


'<J 

Vi 









D 



D 

D 




Similar Fn^ittes 



•-':-:ndlx 3 



o ot 0 ial :Zq-^ ’.pnont 

The MIT indicator is a balanced pressure diaphragni 
tj]De Ox indicator with recorder v/hich is driven by a 
C’^ankshaft coupling. The pick-up unit consists of a 
s ac'.al nlu' witli pressure tan and spark lead. io\'enent 
of a stylus, horizontally an-\ parallel to a rotating 
drur.1, is controlled by a calibrated spring which extends 
in resoonse to hydraulic oil pressure. A spark fror^ the 
st-'lus to the rotating drum occurs when the hydraulic p-^es- 
'^ure in the system, is equal to the _;as pressure in the 
eng’ne cylinder, Establis'inent of an accurate top center 
line on tlie card is of utmost importance. This instrument, 
s’lovm in the following Figure Bl, is standard equ’ipment in 
fio rioan Laboratory at MIT. It is used to give a pressiire 
crah'. an3le diagram which can be convei'‘ted to a p-v diagram 
bo co.lc ilati on and point to point measurement, or by a 
t'ui .sfer i.achine designed to do the sane process. Tlio lat- 
te ^ :as used in this investigation and is completely des- 
r'-’Il'ied In deference 9. Purtiier descriotion of the balanced 

iro d.lnphragn unit used with the MiT indicator can be 
fo”.nd in He fe rone os 10 and 11. 

The Li pressure indicator consists of a soeclal 
G li.nder 'lug and oscilloscope. The plug contains a 
catenary diaphragm- strain *eno rating tube and pressure 
receive’’. A load from the plug is connected to the oscillo 
scope through an external counliri3 system. A condenser 



connedted across the input and p;round ter. inals of the 
oscilloscope differentiates the signal output of the 
c''lindor plu{; unit and produces a dp/dt traco on the 
oscilloscope. Removal of tl.ls condenser ^^ives a normal 
pre ’ sure -c rani: angle trace. The plug is air cooled by a 
compressed air lino v/hich vents the plug througli radially 
drilled holes. Reference 12 gives a more complete descrip- 
tion of the LI Indicator, 



So o rce. 










S che.maf/c D/a^ra/rj 

MIT 

In t c a to r 
tt$> B'l 



AP c 



xlieoiv for 'Jeonetrically Similar 
Engines 



Air Sapaclty 

= n p. K/ e 



^ 3 



Since in S. Engines jt 

and since £ 'v s 

tp.t 



Tliorcfore, at came inlet conditions and 
.ston soeed 



iAjli-u .ietr l c eiTicienc y 

Fxar.ine now all var^awles ■)n w'lich 6 is deoendent, 

A, A, 

inero Ri, Rg are design ratios and 

are the same for G. S. Engines, 



e 'er/v, 

The above relation contains five variables. According 
to the L'uckingham ?i 'ihcoreri there should be 2 independent 
dimensionless ratios, v.dthi 3 independent dimensions. 

Buckingham ?i Theoren 

- unit of massj L = unit of length; T = unit of time 



1 





Exponent 



Viiriable 



Units 



2 

n 



I, 



-3 



:!L 

lt“^ 



a 

b 

c 

d 

0 



sic bqixation Becomes 

a b ,c ,,.d , 

(t) ('Ll ( ViiT '") 



e 



_ <pO-Oj_^o 



:i) 


m O 
X 








a-d-o = 


(h) 


T O 


_ Tt>-3c- 




— ■ — » 

b-3c-d+e 


(3) 




= 

c+d = o 



"olvlnij simultaneously (1), (2) and (3), 
b _ o a - ■) 

e 6 

,'.3 is seen from this relation there are only tv/o independent 
^ucr cf the above variables and ^ . All other valuer of 
B"'r variables mav be exurer sc ;l in ter’is of the two indenen- 



ui values chosen. 



Let I = 1 



^ _ o 



-then g = 3 
then 5 -- 5 

e 



( 1 ) 

( 2 ) 



3in ati 5 (1): £ _ t b 

e * e 



d 

e 

£ 

e 



= -2 



= 2 



Us In, utlo (2) 



§ = -3 

2 = +3 



a 

e 



;.3sl^nia , exponent 6=1# 3 Inco intoi’cst ic onl^ la the 
lov;j3t ratio of exponents, the two independent dimensionless 
I’L't ■ are obtained: 



- * a- -i. » 

l a = :i* X 

1^2 = Cc 



AL^c. 



i’urthcr nanlpulat ioi 
ii 's, yields; 






Tia ' = 



),r li a 2ind Up. t :> obtain sin •Icr 

•J. 

c: 



lince II JI '^3, and if s is accepted as the characteristic 
velocity of the inlet .Process, it is seen t'nat: 

* Uo''noldG 'Ttinbor 



t ; 



S 

C. 



Mach Uvniber 



Therefore, fron the precelln 



.’.orlvat Ion 



€ - ^(j^eynol ls "-’riber, Mach ’lunber) 



?0'/er 'h.itout 



JFE ;V 71 ; 

caw* 

144 71 V, 
d 



’■-a = e 

I'lhP = 7). 7 1 /^* 6 

*’ Ti 

r:::? = ^ 

iHH 

If In G. G. En^jincs, 7^;ln Iho sane at the sane E (and 
at host por/or snarl: advance), then for the cane Inlet condi- 
ti on 3 



r-p ^ e :o 



"I? = I.SP V, N 
-d- 



2 X 12 X 33000 
T IEPjfc 6>?5 



•a/* 



EIE^X N 



.i.n c;)nnarin'' 



IT") 



out pat at the sauo s. 






Oince the v7o,l ht o. ernlnc _ report Iona 1 to 



P 1 



v/t 

Inertia 'tresces 






Sin oe the cylinder ~ac p^c scare an I the tli .rnal cti’essea 
do not vary radically over tlie operatlay ran^je Ox an engine, 
the inertia stresses of the -.lovin; parts are •)! 'rlne importance 



1/i detcr'-’.lnin ; the r.ia-.lrr^. rf^oed o:. an en[^ino on in 
In': Vi-rlou3 err'inos at the aar’e stress cmdltion. 



0- 



ss CO 



0^ ** 
Jc CJ 



since ^ CO ^ 



(Tin 






'77*' -r sr^ 

r \ •. . . / « 1 vyji 



a) Viscous j'rlction 

I’ctroff's equation 1' r'> full fllri luhricatloi 



pr-^ = 3.00 X 10"-^ D 

D f 



Ln G. Pnjines D L \?111 be the sane-'FIIV 

J» h ■' 

"’Ince -Fm S 

PTIP ^ /4 S X 

Also, F’l? F’lV? V, !) FMPP X S 

9 Cl 



Tliorofore PIC? 






an'-l at the sane s ; 
FW."’ ^ 

h 0 3 J.lourub Fi‘lction 






X?’’ 






^ ^ pressure ' ^ ^ ^ f • ( J^oS 
V, 



.sure ) 



.youloijr:.. Phor Is thcrefoi’c proportional to the 
)':c c)efflcient oj friction and a load pressure, 



ope'rat- 



i: 






roduct 



8 




I 



i 




i 



o. 



a >n03. 



:'i(, cano since it is nr inaril' 



•Iv. .ondcnt on. type od natex'‘lal, curftnce, etc.; and at tlie 
sivc z, the r,as p.res3ure sr a:iy load pressure should be 
th ) '3. Tixereforo, the Iculounb FhElP sho'xld be the '•n'to 

r o ’ d. C, ""nyinos. 



C. Loss 

^ “ Lnhaust Strolco v/or:c - Inlot ^ti’oke -orh 

'■d 



= ; p + ift : 



^ e ) ^ ' A/b» ) 



Vd 



Vd 



v.i.ere and reyesont a nean pressure dif- 
_’CiV.XGO above ajid belov; orlxauct and inlet pressures 
ro" V: otivoly, and or^. d”c to tb.e dynianic crfects of 
.;as flow out of and Into the cylinder. 

Therefore : 



^ .P ; 



and 



AA ■ Ki 



c// 



A siuilar ur^'onent >.ol>.*s for . 

If In G. S. Engines the Inlet and exhaust values are 
slnllar In that the <;;a3 velocities are the same at the sane 

'iston soeeds, the Ph”P due to^^and (d’manic effects) 

''■•' vild be tb.o sane. 



If the nan. 



inlet and exhaust pressures 



previill, then the total PMIZP of 0 , S. Engines should be 
the sane at the sane a. 



APPEroiX D 



Fuels and Lubricants 

In the friction investigation 100/130 aviation 
fuel was used, while In the detonation runs white marine 
gasoline (unleaded) was used. This lower octane fuel 
(71,9 motor method, 70.4 research nothod) produced detona- 
tion in all engines in the range of speeds and inlet pres- 
sures investigated. 

Similitude was curried out in the respective lu- 
bricating oil viscosities by using the specially prepared 
oils listed in the following table. 



Engine 


100®P 


130®F 




210°F Gravity 


2 1/2" 


349 


160.3 




52.0 .00 


4" 


828 


339.0 




76.2 .89 


6” 


1665 


627.0 




114.1 .90 


The 


oils were 


prepared us in 


g SAE 


; 20 and ''AE 60 as 


follows: 


2 1/2 


” TOSA P 20 


(Texaco symbol) 




4" 


54:^ UuSA P 


60, 


46)^ P 20 




6” 


95^ URSA P 


60, 


5!^ P 20 



Each oil was a straight mineral oil, wholly paraffin and dis- 
tilled, with no additives. 

The above samples give the same value of/V^ at 
250®P, This temperature was arbitrarily selected as an attempt 
to satisfy lubrication requirements in all parts of the engine 
where viscous friction may occur, A mean oil cranl<case inlet 
temperature of 150®F was chosen and maintained constant throughout 
the Investigation, 



'■) -s .,as y aa 



vans f the 



-Li' i lo'.- Ijj all n 'o-s ..as y-aa .Ci b.. 

..I 3 '\Aaj'c-c :>j ! cc, * 'b ■ la;!^;. taps, as -tjsci ibad 

i 1-1 ci-Oi onco li> , i' 1 l.'j ■'i a a u 'v stu'clc yos- 
c ta^ ;; locatou 1 . ■ inc ' Ti" ... c u sy-yai ar:cl dov.n- 

y.a, . lac -.j ‘ L.‘:i 

iliv j( '.tiyion r )!’ 1 ,. c I’lo.. i'stf r a iu'o. ;h a 

aj‘v-cu,y.d C’V' ' lci‘ a bn ir’tton as lollov/s: 



<i£ =AS- Y. 
3 - d-^t 




U) 



A 

C 

/’• 

A 

A 

5 . 



flo./ i*atn , lb /*jcc 
orifice .area, ft 

dine ar*/e cac f ‘ 1 c ! vr.i. , 11 o.nslonlesa 

/ -^ • ratio of orfflce J.tancter' to 
1 e Inside dlaiietor, 
j1 .c ns Ion lea 3 

dona t . of tiio las bvfcrc U,o orlfJce, 
lo /f t* 

3ta.-.ic reo3-.ro a .cad nt t .(j ■>]:' 1 f ce , 
Ib/ff abs. 

~tatic 'ia.j3u.i-o aftei' tiiu orifice 
lb/..’t ' abs. 

accoj. I'al-.lori < f u "nit : nso wliori aetc... 
o.n b a unit f rcc, ft/.sec" 



'.'nltc of force, ratios end accelerat'. on are as follows: 

Force = laaso x acceleration 

1 ^.'Ound force = 1 Ib.raass „ / a 

71 ^ 1 It/ sec 

‘-’o 

Orifice 're? 

.i' .'.colaj A, orifice area, in terms of the diancter of 

t--0 *^xj„0O, 

- 1. /d54D^, ft'" where Dg Is expressed in ft. 

4 

or A = .00G454D^, ft^ v;herc Dg is expressed in inches, 
Dloohar,^e ioofficlent 

!) is the liochar^e coeffioient and is defined as: 

G = actual mass rate of flov/ 

theoretical mass rate of flov/ 

Vrf 0 of J for standard orifices have been detemined by the 
A'"’"' forouhh eotpcriment. 

Veloc it y of Approach . 'actor 

is the vcloclt:' of accroach factor and must be 
used If Pi is noas ired oy r, static tube. If Pi is measured 
by UP Ir.p; ct tube (i.c. if '‘otal pressure is measured), the 
a 'roach- factor is unity. Also, for small values of , 



thi ffctor is ne^lislblo 



i 













i m 



Expansion Factor* 



Yi is the expansion factor and accounts for the 
uncontrolled expansion (both longitudinally and laterally) 
of a compressible fluid after the orifice. has been 

determined experinentally, and empirical equations have 
been fitted to the data. The equation for air is: 

A. 

It is seen that for constant h and , Yi varies linearly 
kttjH f*' A plot ol the above relation for various 3'^ is 
available in Ref. 13, 

Density 

The denslt;y of dry air at 520°F abs. and 14.70 
Ib/in^ pressure is .07G37 lb/ft°. Therefore the density 
at any temperatiire and pressure can be expressed as follov/s 

/> = .07637 ^ = S.702 ^ , 1|^ 

where p = press’are, Ib/in® abs. 

T = temp. , dog. F abs 
If the pressure p is measured in inches 

Mercury, 

p = 1.321 ^ 

p = pressure, in. Hg abs. 

T = temp. , deg. P abs. 

To account for deviations o. the above relation 
fro-: the loerfect gas lav/, a correction factor cvuld be 
apollcd. 



The magnitude of tills factor, v/lthin the ran^e of press\u?es 
and tenperatures encountered in this Investigation, does not 
warrant inclusion. 

Orifice Pressure Drop 

The pressure drop (pi - Pa) across the orifice is 
cjeusured In inches of water. 



Flow Coefficient 

The discharge coefficient and velocity of approach 
factor are conbined into a single dimensionless expression, K 
This flow coefficient K is defined as: 



Experimental values of K as a function of heynolds Number, ^ 
and Da have been complied by the ASMi, and are available 
in Ref, / 3 . 

V.’orhiny Equation 

Equation (1) can now be written in terms of the 
symbols defined and the units by ;diich measurements v/ero made 



^Pi “ Pe^ = 5.108 h, Ib/ft^' where 
h = pressure irop across orifice, inches water 





= flow rate of air, Ib/sec 



inches 



Dg = orifice dianetcr. 

Pi = static pressure ahead of the orifice, inches 

ab 3 . 

Ti = terrperature ahead of the orifice, dec* abs. 

h = pressure drop across the orifice, inches of ’./a ter 

K = flo?; coefficient = xhinction of Re,^ , Di 

Yi expansion factor = f’.aixction of , B 

Pi ' r 

Air flow, in these investigations v/as calculated 
from the above formula. It v/as found that by using values 
of h and Yi corresponding to mean values of Re = 50,090 and 

^L2_ ~ ,035, respectively, a naxinun error of +3^ would be en 
P 1 

c: rntcred at extremely low and high flo'./ rates. Since Re 

can ’■'c cr'oressed in tcjris of uT, ju ^ and Dg; and in 

t-r- '. c. of Pi and T^rj a correction to the original value 

of UT , V'':tsed on a mean Re and as a function of u/" itself 

Pi 

’.•a o’clMe, Such a corrcctio.i curve was computed for each 
ice for the Pi and Ti encountered. The curve for the 
r' V^" engine, Dg = ,413, /B = .20, Pi = 20,90 in, Hg, , 

Ti = 30°r is included as i’ig, E-1, 

1 0 "'~~>utin:_ ho, nolds humber f or Jorrection Jurve 
Reynolds dumber is defined as 

\ 

P - fluid density ahead of the orifice, 

^ Ib/ft^ 

[J - velocity through the orifice, ft/sec 

Dg = diameter of tlie orifice, inches 






viscosity of ai/* be ‘ ore- 



the orifice. 



Ib.nass 
ft, sec 



ProTi contimilty: 



uT 




576 ur 



Gubstitutinc this expression for u in the expression 



for Re, 

_ 576 W . , 

- /5TD% 12 yU 



15,28 uT 



x-r^utinc 



A p 



Pi 



ior corrv 



ict: 



on 



curve 



-l(2) 



uf 

h 



,1145 D| 



ur 

.ii45r4}^yi^ 








in, v.’ater 



h = 



H «0 
nn. * 



UT 







Ti X 

Pi 



APPENDIX F 

F^JEL FLr MSArFTREME'JT 

The flow rate neterin^ instruments, or rotometers, 
used throughout this investigation for the neasuronent of 
fuel flow, operated aocordinE to the laws the 

flo’.v of fluids tlirouch apertur’es. Specifically, the 
fluid was discharged under controlled head conditions 
thro'iEh an aniaular aperture of controlled variable size. 

Tlio actual rotoneters used were as follows: 

2 1/2" engine - Fischer and Sorter, No, 110-2906 

4" engine Large-Fischer and Porter, No, II8-2992 

3 ' A-65114, 

Fig. No. 12 

G” engine - Fischer and Porter, No. 110-2996 
All rotometers were calibrated for both 100 octane 
gasoline and 71.9 octane (notoring nothod) unleaded gasoline. 
Tl'.e'^e ’.’as no a ipreciable difference in the calibration re- 
sults for the two fuels. The calibration consisted of de- 
temining, by an electi’ic tluer, the tine required for a 
.ji’/ei 'veig’nt of fael to flov/ into a container at a constant 
rate of flov/. The rate of flov^ was controlled through the 
rotoneter, and the rotoneter reading v/as noted for each 
flor rate. Thus, the full range of flow for eadi rotometor 
was rPieckod in this manner. The rate of flow in pounds 
per v/as olotted versus rut '/meter reading t> 'Ive 

the calibration curves, Figs. F-1, F-2, F-3. For further 
disc'ission of the theory of the subject rotoneter, see 
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